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Hf0 2 *fl-8-*Rr ^3 #^*\) oflSLe] i*}^ t^^eI *fl2: ?ti 

^^H^r HfO^-i- «>a« *i£r°lH ^Bl^M Hf0 2 ^ £33**13 

*V33$] ¥^ ^M. iJ-^Hfe ^ $H Hf0 2 

250 ~ 450 °C S] -8:5.°]) *\ Q-fr 7\^9\ #E]-^n> ^ 7\ °\] Hf0 2 

3-31 ^ Hf0 2 ^ $H W ^tbcf. ^¥°fl^i Hf0 2 s|i £^SM 

3E. lh 

MIM ^^AlB], Hf02 -fr^B]-, ^^r, ^^5}- 
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tiVS^l nfl-S-el ±-A$\ A^- H o v ^ {Methods for manufacturing capacitor of 

semiconductor memory device} 

£ 2^ -g- ^ofl 14^ tij-^ofl 2]sH ^el^ Hf0 2 ^^ ^33- o^«-^- ^-o]^ 

7l XRD (X-Ray Di f f ractometer ) 31 o] Efl- i-rE}-^ ZLSflSo]q-. 

S. 3a ^ S. 3b~ AA £r y o v ^°fl ^*r<*l ^sfl^l^ ¥^#ir ^ 

-§: M-Ef^ ZL5flH#ol4. 

£ 3c^r ^efl 7)#<H] 14^ y o^°fl ^sflAlE^ ^ = 5§7Hr 

10: *KE*fl 71^-, 14: ^-e^zL, 24: tt^ ^#€-^ 40: 40a: 

#^r, 50: Hf0 2 ^\ 50a: Hf0 2 Sr^A, 52: 60: 
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rSi*}^ d]^]*V ^ <^^cfl ^sq^ MIM (metal-insulator-metal) T^aIe^ #7}^ ^ 
-§- ^tb Sh£*fl ^1-2.3 ^7}^ ^31^ ^2: ^^^1 3H^. 

< 8 > a> £ ^i cfla.^ 4i7}7} ^Jl^Sj-sH #<Hl ^^> < y»(design ruleH 

<H tijrH^l ^ ^o] *>xl£Hr ^o]^jL ^cf. DRAM(dynamic 

random access memory) ^Hl A r-g-^l ^ 7l 2fl a] e^ ^ zl ^l^-b 

#<H1^1 ^*\JL ^*mSLsL ^ 5U^r tlHEi ^ ^ *fl>$ 

*3 *V*] ^ i££] ^ ^SflAlE^ ^x>olcHl 3. ul^^cf. #<>m 

oil 2)4: ^3flA]^^l- ^ ^3flAlEll- ^^*>7l ^ ^ #*}^ ^» 7}*]^ ^ 

9X^, COBCcapacitor over bitline) £^ ^ 7-^7} # 

<9> tr^, 7) 3fl A] E-) fi^ ^ ^^ig- Ti^Al^-i- ^ 7 >A]7l7l ^ *H ^^7^1 7l^#o] 7 fl 

^xtcf. ^2fl°fl^ Si0 2 -8-#^-§- A l-§-sr>^ MlS(metal-insulator-semiconductor) T^aIe] ^ 
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^± ^sflAi^-i- tsr^%r ^ 9X9X^. n^vj, 4ix}9) ^s.?} ^7>^-°fl 4^ Si0 2 -fr*l*q-* 
*>-§-*rfe MIS ^Sfe n ^HH^ t^Hl Afl^-g: 7l#oi sacf. MIS Tl^H 

^§1-71 (work function)7> €• TiN°l *4 Pt ^ ^ #^r§- # 

A}-g-^Hr MIM 7l3flAlE^7> ^]^>£)^cf. MIM ^sJMEHHfe -fr^O-S^ 

-g-^lfe ^ #^#3 ofl# 1-^, Ta 2 0 5! Y 2 0 3 , Hf0 2 , Nb 2 0 5 , Ti0 2 , BaO, SrO, BST f-o] sX^r. 
=L f 1 , tt^#°1 20 ~ 25 wliU^ fejl ifflS.^ (band gap)°l tiUn^ Hf0 2 # -fr*! 

A>-g.^7l ifl^ tf<£^ <a^7> ^tg^ofl ojcf. Hf0 2 ^ JH-fV^^l «1*H ^ 
-ilSjS. ^ ^ SHI^* &Tr -fM^IlS. *>Afltfl DRAM 7^1^ -fr^^" 

^Zfl.7]^ofl 4^ Hf0 2 -fr^* °l-g-«H 7^]^* *8^*Hr U-^^l^fe ^ ^ 

$H Hf0 2 -n-^i^-^r ^^t!r Hf0 2 -fr^ ^<HH^ ^ ^ JE^r £^ ^<H*3 

(curing)*l-7l 550°C «laE^ .H^H <I^e]* ^M", jl^r^l 1^3 

SefliS ¥^ ^7} #7K>J7, M-of7> ^ 7 > -4 ^ -.^ 7 > o.^v € - 

s§^7] TiCl 4 -f-^r CI €*r# f-a-^m QS- 7>^# a>-§-^>^ H f0 2 -fr*!^* ^>-§- 

*V ^3|)AlEio)lAi S.Ajol ^^*>7fl ^.<y^. Hf0 2 ^^i^ 

^fl-g-^ MIM TSaflAlE-HH ¥^ ^^17171 "o 1 "^* SL^« ^^.7> 
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<12> £ Hf0 2 -n-^^# *fl-§-SHr Jl^aJ ^-3E.^1 *flS.iil ^sfl^E-H & 

<i3> a o v 7 ] s.^^. ^*>7i *fli <#e)H ^s.^] ^ae) ^x}^ 

&\ aflS «<HHH^ #-£*H 7l^Hl *}-Jf Aj- 7 ] s>^- ^ Hf Q 2 o.^^- 

# S^tK 250 ~ 450°C^ £:£.«HH ^7} Hf0 2 -R-^* #^^> *M*i=l-. Hf0 2 

, A o v 7l *V^- * ^ TiN, TaN, WN, Ru, Ir 5E^ PtS o]^o]^lc}. 

<15> #7l Hf0 2 ^-^-§: M^*}7) 3)*}^ ^± 7} ^9] #5^n}!- ol^-^cf. 

#7] ^ ^--fr 7}^ NH 3> N 2 0 ^ N 2 7}iS °l^*]^r ^i^sl^ <^ *>t41- i^- 

<16> Aj- 7 1 Cf^ -E-*].g- ^*>7l ^si\ A}2 <#EiH <4€- «h£31 ^7>o) 

T^A^ wJ-ttHlA-^ tiV£^] 7l^ 0 Hl ^ ^W^. ^71 «HjL ^ ti]^ 

^ Hf0 2 ^ ^^tbcf. aj-7] ui^^ Hf0 2 ^* *2}^> Hf0 2 ^ ^^tbcf. 

^71 ^^HS M0 2 n 
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<17> a o v 7 1 Hf0 2 ^ ^*>7) JflSH #71 Hf0 2 ^^- ^ #4}- 7}+°\ 

°> ^-^71 ofl ^-71 1-^dI- ^r^7l^ 250 ~ 450 M -°r£S. -B-^mtf. 

<18> ^ofl o^^, Hf0 2 -B-€^* *ll-§-*Rr JL^q #51*11 4i7>el TjSflAlEH ol 

HfO^-i- *§#tb Tl^oflA^ #el-^n> ^a|«rH HfO^* ^5M^.2-.£.*1 «»HJaJSl ¥ 
fSfoll^oi ^ sJU, #-*f *8#*1 n-g-^ife £RV # 



<20> C^ofl oflAl^ ^AHU-O. Cf^- ^EUS ^ ^3 ^^7> 

#^*Rr -M^HHl ^si^ °W4. ^Jahi^. # <a?)HH ^^^<y 

51- HL^ ^^#Sl H7l 2^ ^Itt ^4^21 ^^H^ SE 

3b, <H«i n°] ^ n 7msl ••^•'o)l SI cf el- ji 7I7.M ^-f, #7l o]t$ uv Q ) cf^- 

<21> £ la 1^*1 £ li^ ^ l^^l H}^*}^ AjAHloll ttj-S. tiV^^l ^la.^] ^7>2l ^^AlE^I 

^1S ^-gr ^*}7) $f>}^ ^ £^ofl rcfel- 3£Al# ^£#014. 
<22> £ la€- , ^r£.^l 7l^-(10)#<^l *fll #?i^^^-(12)l- ^r-f-SH #7l «h£*ll 7l 

^(10)21 »# <3*H 3*Hr "flt?^ #£iZL(14)» *g#*h}. ZL ^, ^el€- ^3^H20) ^ 
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A2 f^Ha«3*K22)* *%^\JL oil;!- ^;^H A o v 7 i n]]^ ad #&|ZL(14H) ^*Kr tt^ nfl 
#e]zL(24)# 

<23> £ lb# % v 2:^>^, ^7} wi^ ofls-siH # si 11(24) ^ ^2 §^^^(22) $H q** % 

a>^-^ HDP(high-density plasma) ^2K V (32) ^ ^s}-^-(34)-S- 

(36)* ^"71 iLJLBi-(36)^: 1-^ ^s^iLS ^^W. ^. ^, -^-71 li 

Jl^(36) #=(mold) ^^-g- ^<3^(38)* ^^tbcf. 

<24> £ lc-I- %^^Tg ^ ^- 7 ] tftf #SiZl(24)^ #7l 

(38), ^^(36), ^3^(34) ^ HDP ^3^(32)* *}-3jl5. sflE^tH} . ^- ^ 

^1 HDP 2fl€(32a), 3flB](34a), II D 4 ^€(36a) ^ sfl^(38)^l 

<25> £ Id!" ^"71 ^5] O^^Efl ^Ein(24)2i ^ ^ g 

51-ij- 5I*i #^ ^ ^^-g- 51^(40)* ^^W. A oM £^(40)£- ofl§ 

I" 1 ?! ^ ^sl-l- fl^4pO.S ol^c^^ ^ oiq.. ofl-g. s.^, 51*1^(40)^ TiN, 

TaN, WN, Ru, Ir iE^r PtS. o] =-c>i^ ^ oicf. #7] £##(40)^ ALD (atomic layer 
deposition), CVD (chemical vapor deposition), M0CVD (metal -organic CVD) ^^i^S. ^ 

^€ ^ 9X^. 

<26> zz. ^ AJ-7) i^&(40)* ^^si-(42)o.S. ^-^^ £^4. av 71 g) ^ ^<3^(42)£- 

^1* l-<3 FOX(flowable oxide)^ ^€*=K 
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<27> £ le» ^S^, £*1 #4 °o v ^ CMPCchemical mechanical polishing) ^IHI ^ 

tr ^^51- -^-^ofl o^a] ;g<£nT- 2fli|4(38a)ol v%7?}x) # 7 ] 5J a| ^<£i3l-(42) ^ £ 

^#(40)^ *\]7]*\^ #7l 5L^(40)<LS.i?-K] 7fl7flSl ^ ^^(40a)# ^-eM^t}. 

<28> £ lfl- ^-S*>^, -M^fe LAL (Hashimoto Chemical Industry Co., LtdJ-i- 

OCSCone cylinder stack) ^^t 7>*lfe- s>«- ^^-(40a)^r *c#*l?H3-. 

< 29 > £ lg» fe^, #71 ^(40a) $H ai^^ Hf0 2 ^(50)-8- ^tr*}. #7] Hf0 2 

*K50)£- ALD, CVD, PVD iE^ M0CVD y 0 v ^-^^ ^ 5^. 

<ao> # 7 ] Hf0 2 5f(50)* CVD ^#*Rr HfCl 4 , Hf(0tBu) 4 , 

Hf(NEtMe) 4 , Hf(MMP) 4 , iE^r Hf(NMe 2 ) 4 ^ ^ Hf #^4, 0 2 7}>i# A>-g-*><^ 91 400 - 

500 TC^ ^£ ^ - 5 Torr^ ^ ^3 «WM ^ v ^tr^. 

<3i> #71 Hf0 2 ^-(50)^- ALD a o v ^^-S. *H#* r fe , ^-e-(Hf) HfCl 4 , Hf(N0 3 ) 4 , 

5E^r Hf(0tBu) 4 , Hf(OtBu) 2 (DMAE) 2 , Hf (OtBu) 2 (MMP) 2 , Hf (0iPr) 2 (THD) 2> Hf (OiPr ) 3 (THD) , 
Hf (NEtMe) 4 , Hf(MMP) 4, EE^b Hf (NMe 2 ) 4 , Hf (NEt 2 ) 4 , Hf [N(Me 2 )(MEt)] 4 ^4 ^ ^ -fM ^ 
^1 (metal roganic precursor)!- ^>-§-tri=f. <$7]*\, DMAE^ clDfl^o>T3l ic <Hls.A>ol c 
(dimethylaminoethoxide: 0CH 2 CH 2 NMe 2 )°1^L, MMP^ °fl^l v]) ^-2-S.S.^}o] H 
(methoxymethyl-2-propoxide: 0CMe 2 CH 2 0Me)°l -H, THD^ 3lB^]1i ^fr^-S-^HH 
(tetramethylheptanedionate: Me 3 CCoCHC0CMe 3 )°l 4 . ^.^ ji, #4i(0) iiSA-j H 2 0, 0 3 EE^ 
0 2 #5}-^n}~i- A>-g-*>c^ 01 250 - 400°C^ ^ ^ 1 ~ 5 Torr^l *MM ^a}- 

fl^al, €*Rr ^121 Hf0 2 ^°l ujj^l #71 ^ * 3] ^ (purging) ^ 

ti>^-tr4. #71 HfO 
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2^(50)-§- ALD ^SLsL *§^?>}^ ^-f, ^ =§^°1 7}^}^ , -*Hrtr ^ ^^(step 
coverage)* ^ 9XJL, ^1 *\)°]7} -§-o|^>cf. 

< 32 > £ lhl- , #7} Hf0 2 ^ v (50)^- l-^^>(52) ^eH S}«H ^sH^ Hf0 2 -ff-# 

^•(50a)* ^^tr^f. 1-^^(52) ^e)^ ^ 250 ~ 450°C^ *i^r<HH *8*r^ ^ 

°1 fr^^r^r. ^r^*] ^V^tt , ^7} -fr^*} 2j= 350 ~ 450 ^S^H 

<33> ^-71 Hf0 2 ^(50)^ ^3r«- ^ #Br^>(52) ^ ^ 7>^S] #b^p> §^ 

7HH ^7lAi , Aj- 7 ] ^ NH 3; N 2 0 ^ N 2 7>i:^ °1 ^<^1 ^ ^ 

<34> ^7} Hf0 2 -B-^^(50a)* #5^}(52) *|BH <5^H ^sMTJCl^.*] -fj-^nV ^ 

^ ^-8:21-1- ^ 91°-^, #5t^ c >(52) *1ilH ^ ^§ ^ 

< 35 > £ li!- ^S*}^, <$7] Hf0 2 -e-^m-(50a) $H ^o VJ f *i^(60)-g- 

^(60)^ ^ ^s}-!- S^r ^^r^S. ^l^^lcf. ^11- -1-^, #7l *i^(60)^ TiN, 

TaN, WN, Ru, Ir PtS ol-f-o^ ^ oicf. a> 7 ] ^h. ^^-(60)^ ALD ^ , CVD ^ , SE 

^ MOCVD ^ 91^. °1 afi , -tf^l Hf0 2 ^-(50)^r #^-^p>(52) 

#fr -°-^rtr Hf0 2 -3-^(503) °1 <£°]%°-2-3,, ^ *i^(60) ^ CI 2>-fr 

iii A>-g-^ 7J -follS 71 3xfl A] -AJ ^^ol oi^sl^ $>^tf. ofeM , ^> v 

7} ^ ^(60)* S^^M $\t}<*\ Cl^f ^ ^-°r*r^r ^ ^ Hi^ 4r 
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<36> 5. 2±r £ iJ-^ofl t4€- H o v ^°)l Hf0 2 ^ 1-^"} *lBl^5a* °fl #e}2^> ^ 

€ Hf0 2 ^^ ^^sl- <^-¥-« S?"^l*>7l XRD (X-Ray Di f f ractometer ) cflo]^!- 14 

<37> £ 2 ^ ^7V# fl*H, TiN^JLS. o^o^fe s>J=L ;£^§- ^^S>JL f ZL $H 60A ^1 

21 Hf0 2 ^ <#7] Hf02^ 390 "C^ &5.<%*\ NH 3 S-e^} XRD 

S>£t}-. £ 2^1^ cfl^c^ls.Ai TiN ^ ^ $H Hf0 2 ^ ^ -*7l Hf0 2 ^# 

650°C^ ^r£ofl^ <l*]ejtb ^, zj-zj- <a<H*l XRD ^ 31 oj Bfl- ^-*|| u^^^cf. 

<38> £ 2 ^ isf^Ei , «v^o^ « o v^ofl c}.^ Hf0 2 ^# 390°C^ #ef^P> 

<39> £ 3a ^ £ 3b^r 4^ y o v ^°1] 4^ TiN^-S-S ^}-5f ^ofl 

HfO^-i- ^, °1 Hf0 2 ^-* #^p> ^ ^ ^-f ^ ^ o_ ^ 7 ].^. 

< 40 > ^.cf ^l^JLsL £ 3a^ TiN ^ ^ $H 60A ^Ml^l Hf0 2 ^|# 

^, °1* 390 M NH 3 #5^p> ^el^>^ ^sW^jl, zi ^| ^ TiN ^ 

<£<H*1 ^afMtH cfl*l ^ ^= jLAj 3g7V ^uzfolji, £ 3b^ Hf(V2M- N 2 0 #5}^ 
n> ^e]^}o^ ^ ^l^l^ji £ 3a^l ^-fsq- ^^tb ^^AjE^i cfl 

tt ¥^ £-ff ^ ^7> ^^01 cf. 
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<4i> tfl^-g-o. , Hf0 2 ^-i: * °1-t-^ *lel5= ^1 3^- ^1^s>jl £ 3a^ ^ 

<42> £ 3a, £ 3b ^ £ 3c«1H, "T" , "C" ^ "B"^ ^ a]^ tfl^ *|°1*I4MM ^ ^ 

I" ^-^t!- 31*1-1- ^^tt 51^, »T"^ ^M^Vo} ^(top), "C"^ SIM^S] ^ 
(center), H^JL "B"^ 4\ ^(bottom)* ^HW. O.^JL, S. 3a 5? 3E. 3b4M , " 

Toxeq"b 7HV^-^ u^^tf. 

<43> i 3a, £ 3b ^ £ 3c ^1 «y- - oi^ w>2f £o] t a. ^-xgofl tc)-s. wj-^o.^ 

Hf0 2 ^ v * ^-B- 7>^fil #H^pH1 ^#*1?1 l-^o> ^B^§>^# nfl ^ ^^-7> ^o>^ 

^ -f^S* #713 ^-1- H-Ef^Cf. 

<44> ^ofl tiV £ ^) DflSE) dt7>0] ^^A]E^ ^2: «J-lgoflA^ JflM ^^AjE^ -f^^ 

* *8^*}7l 31 *M Hf0 2 ^* Hf0 2 ^ 7i£r°lH f-e^r *lsl*H ^^^lfjcf. 

^^H^ -H^3 ShESfl ^S.5l^7>^ ^2flA]Ei# aflSSHr 18I ^#^1 <^ 

T^SHI- ^§ ^ 5a^, *1£ S^Sp} ^E)o]) o}*}o} H f0 2 
-r>#^# *fl-g-*Rr TH^AlE^ #fl-# o-^tr #71^ <r 

St, #33*1 #713 ^* ^f-JLiM #Jf #^ ^^a] ci 3L^>^ A> 

-g-SHr ^-f^l£ ^ 4r# ^ Is}- 7>^^ tifl^l^- ^ $icf. nJ-eH, ^-^ofl 4 

= £ Hf0 2 -fr#^ ^ ^ s.^ o. ov^ojg. o-^l ^-o.^m) ^sflAl^i^. ^-cfls^M ^3)1 
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11 

# 7 ) *>2=L <%6\] H f0 2 -B-^l^-* ^*Rr 

250 ~ 450°C^ -grS^HH #7l Hf0 2 -fr^^- #2^} *i 3 *>fe ^^1^, 

*fl DflS^ 4l7>^ T^SflAlE-l ^flS 

[3^* 2] 

^ll*oHl £M^1, 

3] 

*H2%H1 &<^1, 

A o v 7l ^ TiN, TaN, WN, Ru, Ir PtS. o] =-oj^^ ^-g- f^jo^ ulJE 

4] 

-#7] Hf0 2 -n-^i s T'^r ALD (atomic layer deposition), CVD (chemical vapor deposition), 
PVD(physical vapor deposition) M0CVD(met a 1 -organic CVD) U 0 V ^^-S. 
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5] 

<$7] Hf0 2 -fr^* #^^> ^Sl*>7l ^-R- 7>^S1 #5|^D># oj-g-^ 

3* *>^r ^5L^1 ^lS-el ^3J|a]e1 *fl2: ^ . 

6] 

^"71 ^ NH 3 , N 2 0 ^ N 2 7}iS. ol=o]7lb ^l^Sl^r °]± *>M-« 

£#«Hr 3J-§- ^^-S. *Rr oflael ^>^1 T^^e) ^ . 

13 T 1 ^ 7] 

«1|H.E| ±.7,} 9] 7-) 2)] A] E-] ^12: 
8] 

4 Vj f #^8r TiN, TaN, WN, Ru, Ir I&tt PtS. ol^^^lfe- Ij-^ *Vtt 

[$^MJ- 9] 

^iii^i sa<>w. 

-§-*H ^ ^ ^ *}5L*\] nflS-E] ^*}^ ^3flAlE^| »o V ^. 
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10] 

^•71 0CS(one cylinder stack) fit 7}^]^ ^AS. Sj-fe «KE.Xl 

IQtt Hi 

£5LXl 7l^ofl #^-$r ^*Rr 

#7) Hf0 2 ^# ^*Rr #X1^ ( 

^■71 h|^^ HfO^-g- #Sf^4 ^3SJ-€ HfC^-fr *g^*Hr ^711^, 

#7} ^sHel Hf0 2 ^ *H <8>8*Rr tir^ll- i^Kr 3* f^AS *>fe 

[^f *J- 12] 

XU%M1 ^t^H^i , 

Xl3-^ 7}^]^ ^2: H o V ^. 

[^n 1 * 13] 

X|12^M| Sl<H^1 , 

^-71 s>«- TiN, TaN, WN, Ru, Ir Pt5- <X ^-<H*lfe ^-§- ^.2.3. «KE 
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14] 

^7] Hf0 2 -n-^ 5 }"^: ALD (atomic layer deposition), CVD (chemical vapor deposition), 
PVDCphysical vapor deposition) M0CVD(met a 1 -organic CVD) ^^^^ ^-§- ^ 

i^^-Q 151 

A oM ^s}-^ Hf0 2 ^* ^^*>7l ^*}<X ^-71 wl^^ Hf0 2 ^* ^ *-B- #2r^ 

<X ^7lofl ^#Al-7l^ ^-g- ^lOS 5}^ X|5Le| X^l^X « C V ^ . 

16] 

Xll5*Xl &<>H. 

H^i *r-fr 7>^ NH 3 , N 2 0 3l N 2 7}iS ol^-<^^^ ^s]^ *>q-l- 

5£*^ *}^r *}51Xl X]2.e] ^7>°} ^4^1^ XI S « 0 Vl 3. 

17] 

X115%H1 S^i, 

^-71 1-51-Sp> ^71^ 250 ~ 450 r^l -fr^^r 3* ^ #;£X1 XI 

^7>o] 7^3flAlEi « 0 >^. 
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18] 

[^^■* 191 

A o v 7| ^o v -t- TiN, TaN, WN, Ru, Ir PtS °1^t-^M^ ^-fr ^ 

20] 

^11%><H1 &<>H, 
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[J£ lcl 



38a. 
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IS. 2] 



1200-1 



900- 



Hf02 60A S*f aj* 

Hf02 60A 650*C E!S«f*|2| 

Hf02 60A NH gamof k\b\ (390'C) 



Hf02 (-1 11) 



Hf02 (111) 



CO 
Q_ 

o 



HfO 2 (020),(002) 



600- 



300 




[5- 3a] 

0.1 

0.01 
XT- 1E-3 



T(Toxeq=14.54A) 
C(Toxeq=14.6lA) 
B(Toxeq=14.45A) 
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/ 

[5L 3b] 

0.1 



E 
o 



0.01 - 
1E-3 - 
1E-4 



* 1E-5 
Jh 1E-6 



1E-7 
1E-8 
1E-9 



C(Toxeq=14.06A) 




-4 -3 



-1 0 1 

em esf (v) 



1 0 1 

tun sei (v) 
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